Following the recent discovery of X-ray quasi-periodic eruptions (QPEs) from the nucleus of the galaxy GSN 069, we report here on the detection of QPEs in the active galaxy RX J1301.9+2747. QPEs are rapid and recurrent increases of the X-ray count-rate by more than one order of magnitude with respect to a stable quiescent level. During a 48 ks long XMM-Newton observation performed on 30 and 31 May 2019, three strong QPEs lasting about half an hour each were detected in the light curves of RX J1301.9+2747. The first two QPEs are separated by a much longer recurrence time (about 20 ks) compared to the second and third (about 13 ks); this pattern is consistent with the alternating long-short recurrence times of the GSN 069 QPEs. Longer X-ray observations will better clarify the temporal pattern of the QPEs in RX J1301.9+2747 and will allow to perform a detailed comparison with GSN 069. The X-ray spectral properties of QPEs in the two sources are remarkably similar, with QPEs representing fast transitions from a relatively cold and likely disc-dominated state to a state characterized by warmer emission similar to the so-called soft X-ray excess, a component that is almost ubiquitously seen in the X-ray spectra of unobscured, radiatively efficient active galaxies. Previous X-ray observations of RX J1301.9+2747 in 2000 and 2009 strongly suggest that QPEs have been present for at least the past 18.5 years. The detection of QPEs from a second galactic nucleus after GSN 069 rules out contamination by a Galactic source in both cases, so that QPEs have to be considered as a novel extragalactic phenomenon associated with accreting supermassive black holes.
Introduction
QPEs are high-amplitude, abrupt increases in the X-ray count rate over a generally stable flux level (quiescent level), and recur quasi-periodically. In GSN 069, QPEs last about 1 hour and recur about every 9 hours, with a subtle alternating pattern of long-short recurrence times and strong-weak amplitudes. The QPE amplitude in GSN 069 is energy-dependent, and up to two orders of magnitude in the 600 − 800 eV band. The X-ray spectrum of GSN 069 in the quiescent level is super-soft (most of the emission is at E < 2 keV), and it can be described with thermal emission of an accretion disk with kT ∼ 50 eV. During the December 2010-January 2019 overall X-ray decay, the long-term evolution of the quiescent emission is consistent with the L ∝ T 4 relation expected from a constant-area emitting accretion disk. This allowed Miniutti et al. (2019) to estimate a black hole mass of M BH ∼ 4 × 10 5 M , that is associated with a factor of a few uncertainty due to the unknown black hole spin and observer inclination. During QPEs, the X-ray spectrum of GSN 069 smoothly evolves into a warmer state with kT ∼ 120 eV and back to the temperature preceding the QPE onset. The QPEs detected in GSN 069 are a new phenomenon whose physical origin is under investigation: they might be related, among other possibilities, to radiation-or magnetic-pressure instabilities of the inner accretion flow, or to the orbital motion of a secondary body (Miniutti et al. 2019) .
Motivated by this discovery, we scanned the literature for cosmic sources potentially similar to GSN 069, in order to search for further QPEs. The properties that make GSN 069 stand out among the general AGN population are: (i) a small black hole mass; (ii) a high Eddington ratio; (iii) a pure thermal disk spectrum with little or no hard X-ray power law emission; and (iv) a lack of broad optical/UV emission lines (Miniutti et al. 2013 (Miniutti et al. , 2019 . We selected RX J1301.9+2747 as a promising cosmic analogue candidate of GSN 069, on the basis of remarkably similar observational properties. RX J1301.9+2747 is an edge-on post-starburst galaxy at z = 0.02358, possibly member of a small group of four galaxies that lies ∼ 7 away from the center of the Coma cluster. It was already detected by EXOSAT in the 80s ( f 0.02−2.5 keV ∼ 1.4 × 10 −12 erg cm 2 s −1 , Branduardi-Raymont et al. 1985) , but it is only after the ROSAT observations performed in the 90s that the source was identified as an active galaxy (Dewangan et al. 2000) .
A rapid flare lasting 2 ks, with a variation of the X-ray count rate of a factor ∼ 2.5 with respect to the average value, was detected in the ROSAT light curve of RX J1301.9+2747 in June 1991 1 (see Figure 4 of Dewangan et al. 2000) . RX J1301.9+2747 was observed again by XMM-Newton in December 2000 and by Chandra in June 2009, and both observa-tions confirmed its interesting timing properties. In particular, the 2000 EPIC-MOS observations caught one and a half events strikingly resembling the QPEs detected in GSN 069, and a similar single X-ray flare was detected during the short (∼ 5 ks) Chandra observation 9 years later (see Figure 3 of Sun et al. 2013) . RX J1301.9+2747 is an ultra-soft X-ray source: if modelled with a blackbody, the ROSAT spectrum gives a temperature kT ∼ 55 eV (Dewangan et al. 2000) . The flux-resolved spectral analysis performed on the XMM-Newton and Chandra data by Sun et al. (2013) and Shu et al. (2017) revealed a spectrum well fitted by a thermal disk component with kT ∼ 30 − 50 eV in quiescence, and kT ∼ 100 − 300 eV during the QPEs, plus a weak hard power law emission. The Eddington ratio of RX J1301.9+2747 is estimated to beṁ ∼ 0.14, and its black hole mass M BH ∼ 0.8 − 2.8 × 10 6 M , from the UV/X-ray analysis performed by Shu et al. (2017) , which also revealed an absence of broad optical/UV emission lines. Middleton & Ingram (2015) noted the peculiar behaviour of the XMM-Newton 2000 X-ray light curve of RX J1301.9+2747 and proposed to explain the narrow flare as disk emission leaking through small 'windows' in a rotating optically thick structure, e.g., a wind. By performing phase-resolved analysis, Middleton & Ingram (2015) found a smooth evolution of spectral properties during the flare, similar to that observed in GSN 069 by Miniutti et al. (2019) .
Based on these observational properties that so strikingly resemble those of GSN 069, we asked for a DDT XMM-Newton observation of RX J1301.9+2747, that was performed on 30 and 31 May 2019, and whose scientific results are reported in this Letter. We present the data reduction and analysis results in Section 2, the discussion in Section 3, and we conclude in Section 4. Errors are quoted at the 1σ confidence level throughout the paper. A flat cosmology (Λ = 0.73, q 0 = 0, H 0 = 70 km s −1 Mpc −1 ) is assumed for the computation of the source intrinsic luminosity.
Data reduction and analysis
We reduce and analyse the new data collected by XMM-Newton in May 2019, during a DDT observation pointed at RX J1301.9+2747 (OBSID: 0851180501). We also reanalyse with calibration files generated in June 2019 the XMM-Newton data collected in December 2000, during an observation pointed at the Coma Cluster which included RX J1301.9+2747 in the field of view (OBSID: 0124710801, PI: F. Jansen). For the data reduction and analysis we use the XMM-Newton Science Analysis System (SAS) v.17.0.0, following standard SAS threads as recommended by the XMM-Newton Science Operation Centre, and the HEASoft v.6.22.1 with Xspec v.12.9.1p. For the 2019 observation, the whole exposure is retained for the light curve analysis, while the last 6.5 ks of the exposure are discarded for the spectral analysis, due to large background flares. The whole 2000 dataset is used for the scientific analysis. In both epochs of observation the signal-to-noise (S/N) ratio drops above 2 keV, therefore for our analysis we discard the signal above this energy. We focus our analysis on the EPIC-pn data, because of superior S/N with respect to the EPIC-MOS cameras. Details of the observations are reported in Table 1 .
Light curve analysis
The RX J1301.9+2747 light curves extracted in the 0.2 − 2 keV band are shown in Fig. 1 . During the 2019 observation three rapid flares are detected by all three EPIC cameras ∼ 7, ∼ 27, and ∼ 40 ks after the beginning of the scientific exposure, with the count rate sharply increasing and decreasing with respect to a stable (quiescent) X-ray emission. During the 2000 observation, one and a half events are detected by the EPIC-MOS cameras, while only one is detected by the EPIC-pn due to the later start of its scientific exposure. In both epochs of observations, the shape of the X-ray light curve of RX J1301.9+2747 is very different from the typical AGN one, and is remarkably similar to the one displayed by GSN 069 from December 2018 onward (Miniutti et al. 2019) : in analogy with GSN 069, we call the events detected in RX J1301.9+2747 X-ray quasi-periodic eruptions (QPEs).
In order to explore the energy-dependent properties of the QPEs of RX J1301.9+2747, we model its light curves with a constant representing the quiescent flux level, plus Gaussian emission lines representing the QPEs. We then compute the QPE amplitude as the ratio of the the Gaussian normalization and the constant count rate; the QPE duration as the FWHM of the Gaussian line; and the QPE peak position as the Gaussian centroid. We measure these properties in the light curves extracted in nine contiguous energy bands, from 0.2 to 1.3 keV (Fig. 2) ; for the 2000 QPE analysis we discard the last energy band, as at E > 1 keV the S/N drops. For completeness, we also plot in the bottom panels of Fig. 2 the 1.3-2 keV light curves for the two epochs of observation. Results of the analysis are shown in Fig.  3 , where the 2000 QPE properties are plotted with black squares, the three 2019 QPEs (hereafter QPE1, QPE2, and QPE3) with red, green, and blue circles. In both 2000 and in 2019, the Xray QPEs in RX J1301.9+2747 are more intense when measured at higher energies: their amplitude is 10 at E 0.3 keV , but quickly reaches a factor 50 at E 0.5 keV which keeps more or less constant up to the highest energies probed. The S/N drops at E > 1 keV in 2000, while in 2019 there is good S/N up to E ∼ 1.3 keV, where the QPEs have the largest amplitude. The duration of the QPEs is very short: on average ∼ 1200 s (FWHM), and as short as 500 − 800 s at the highest energies probed. Indeed, the duration of the QPEs in RX J1301.9+2747 increases when measured at lower energies, both in 2000 and in 2019. Also the arrival time of the QPE increases when measured at lower energies, both in 2000 and in 2019: the difference in Gaussian peaks used to model the QPE between the 0.9 − 1 keV energy band is > 500 s at E 0.5 keV.
The three QPEs detected in 2019 have different amplitudes, with QPE3 being more intense than QPE 1, which in turn is more intense than QPE2, at all energies. QPE2 is not only the one with the lowest amplitude, but also the one with the longest duration, at all energies.
Spectral analysis
We divide the data in a low and a high flux state, using a threshold of < 0.2 ct s −1 and > 0.4 ct s −1 applied to the 0.2 − 2 keV EPIC-pn light curves of both the 2000 and the 2019 observations. In the low flux state the signal is dominated by the background at E 0.9 keV, therefore the data above those energies are discarded; in the high flux state the spectra are harder and the source is instead well detected up to E ∼ 2 keV. At low energies, data below 0.3 keV are discarded due to remaining calibration uncertainties. The background-subtracted spectra are grouped with a minimum of 20 counts per bin, and the χ 2 statistics is used as a measure of the goodness of fit of the model to the data. Spectral analysis results are reported in Table 2 .
In all our fits we model the absorption along the line of sight with the tbabs model in Xspec (Wilms et al. 2000) , leaving the column density value N H free to vary. First, we fit the data to a simple thermal disk model (model 0: diskbb into Xspec), leaving all the parameters free to vary during the fit: the resulting statistics is very poor, giving a reduced chi squared χ 2 r ∼ 1.6 for 202 degrees of freedom (ν). The addition of a power law component improves significantly the fit statistics (∆χ 2 /∆ν = 94/4). The power law slope is found to be unconstrained, therefore in all epochs and in all the subsequent models it kept fixed to Γ = 1.8 (a value that is typical for the intrinsic continuum in AGN, see e.g., ?). The fit to this model (model 1: powerlaw + diskbb in Table 2 ) is marginally acceptable (χ 2 r ∼ 1.15) for a disk temperature of about 60 eV in the low flux state at both epochs, and ∼ 100 − 150 eV in the high flux state.
We then assume a scenario where the quiescent emission stays constant during each observation, and a further emission component is added to the high flux state only, to represent the spectral contribution of the QPE. In practice, the model parameters for the quiescent emission (modelled with powerlaw + diskbb) are tied between the low and high flux spectra of each epoch, while they are allowed to vary between 2000 and 2019; the model parameters of the spectral component representing the QPE emission are fixed to zero in the low flux spectra, and are left free to vary in the high flux spectra. We use three different models to represent the emerging QPE during the high flux state: a blackbody emission (model 2: bbody), a bremsstrahlung emis-sion (model 3: bremss), and a Comptonisation emission where the disk photon temperature is used as input for the Comptonizing region. We use two different models for the Comptonized disk emission: nthcomp (model 4a) by Zdziarski et al. (1996 Zdziarski et al. ( ) andŻycki et al. (1999 , and comptt (model 4b) by Titarchuk (1994) . Model 2 does not give a fair representation of the data (χ 2 r ∼ 1.4): strong residuals are evident across all the energy ranges analysed and especially at the highest energies, where the model severely underestimates the data. Both models 3 and 4 give instead a fair fit to the data, with χ 2 r < 1.1. For simplicity, we refer to model 3 as our best fit model in presenting figures, although we note that the spectral shape of the component emerging during the high-flux state is equivalently well represented by model 4a and 4b. The only significant difference are the unabsorbed luminosities of the disk and QPE spectral components, larger by about respectively 60-30% in models 4 than in model 3, because the Comptonization models allow for a slightly larger neutral absorbing column density (Table 2) ; in the following we quote model 3 luminosities.
In Figure 4 we show the 2000 (left panel) and 2019 (middle panel) spectra of RX J1301.9+2747 in the low and high flux state fitted to model 3, along with spectral residuals. In the right panel of Fig. 4 we plot the corresponding four theoreti- cal models. In both models 3 and 4, the quiescent spectra of the low-flux state are well described by a disk emission with temperature kT disk ∼ 50 eV and a constant flux between epochs, f disk 0.3−2 ∼ 8 × 10 −14 erg cm −2 s −1 , corresponding to an unabsorbed luminosity L disk 0.3−2 ∼ 1.5 × 10 41 erg s −1 . The flux of the hard Xray power law in quiescence is instead found to be significantly higher in 2019 ( f pow 0.3−2 ∼ 3.3 × 10 −14 erg cm −2 s −1 corresponding to L pow 0.3−2 ∼ 4.5 × 10 40 erg s −1 ) than in 2000 ( f pow 0.3−2 ∼ 10 −14 erg cm −2 s −1 , or L pow 0.3−2 ∼ 1.3 × 10 40 erg s −1 ). The QPE emergent spectrum (i.e., the difference between the high and low flux state) is well represented by either a thermal bremsstrahlung or by a Comptonized emission with an observed flux f QPE 0.3−2 ∼ 7.5×10 −13 erg cm −2 s −1 and a corresponding luminosity (corrected for absorption along the line of sight) of L QPE 0.3−2 ∼ 1.2 × 10 42 erg s −1 . In model 3, the bremsstrahlung temperature is found to increase between 2000 and 2019, from ∼ 220 to ∼ 300 eV. In model 4a, it is the Comptonisation asymptotic power law slope to signif-icantly change, hardening from Γ nth ∼ 4.4 to ∼ 3 from 2000 to 2019. In model 4b, the Comptonisation region optical depth is found to increase from ∼ 7 to ∼ 14 from 2000 to 2019. In model 3, a marginal improvement of the fit (∆χ 2 = 5 for two extra d.o.f.) is obtained by allowing also the normalization of the power law to vary in the high-flux state. In this case, the temperature of the bremsstrahlung component adjusts to lower temperatures, but nonetheless there is still a significant increase in value between 2000 (kT bre = 173 +23 −19 eV) to 2019 (kT bre = 277 +23 −20 eV). No improvement of the fit to models 4a and 4b is found instead when allowing the power law normalisation to vary during the high-flux state, because the power law normalisation is degenerate with the slope of the asymptotic power law of the nthcomp component (model 4a) and with the optical depth of the comptt component (model 4b). We conclude that the 2019 QPE spectrum is harder/hotter than the 2000 one, regardless of the adopted best-fitting model. The amount of intrinsic neutral absorption at the redshift of RX J1301.9+2747 is found to be comparable to the one measured by the LAB survey (N H = 8.2 × 10 19 cm −2 , Kalberla et al. 2005) in model 3, while it is significantly larger in models 4 which allow for a softer intrinsic spectral shape. With the present data quality, we cannot exclude the presence of more substantial columns of gas along the line of sight, especially if this is either ionised or only partially covering the continuum source.
Discussion
RX J1301.9+2747 is the second source where X-ray QPEs have been identified (Fig. 1) , after their discovery in GSN 069 (Miniutti et al. 2019) .
As in GSN 069, the QPEs in RX J1301.9+2747 are very short and very intense; and they are shorter, more intense, and peak earlier when measured at higher energies (Fig. 2 and 3) . However, at the highest energies probed, the X-ray QPEs in GSN 069 are roughly twice as long as the QPEs in RX J1301.9+2747, which are as short as ten-fifteen minutes in FWHM. An upper limit on the size S of the X-ray emitting region is given by the distance that light can travel in a given time ∆t, and yields: S < 200 (∆t/1000 s) (10 6 M /M BH ) r g , where r g = GM BH /c 2 is the gravitational radius. Since, at the highest probed energies, the count rate doubling time during QPEs in RX J1301.9+2747 is of the order of 300 seconds at most, we are probing an X-ray emitting region of the order of few tens of gravitational radii. RX J1301.9+2747 its spectral shape looks harder than a simple blackbody, and can be well represented instead by a thermal bremsstrahlung with a temperature of 200−300 eV, or by Comptonization of the seed disk photons into a warm gas with a similar temperature of the bremsstrahlung model. From 2000 to 2019, the RX J1301.9+2747 QPE spectrum has also changed, implying either an increase of the bremsstrahlung emitting gas temperature, or a hardening of the Comptonized emission modelled with nthcomp. This hardening would correspond, for a fixed temperature, to an increase of the Comptonizing region optical depth from τ ∼ 5 to τ ∼ 15 from 2000 to 2019 , compatible with the results of our spectral analysis with comptt. The Comptonizing region in RX J1301.9+2747 would be optically thick at all epochs of observation.
When measured at E 0.4 keV, the amplitude of the 2000 QPE is smaller than the amplitude of the 2019 QPEs, while it is slightly larger when measured at E ∼ 0.8−1 keV. This is because the underlying quiescent spectrum is softer in 2000 than in 2019, therefore providing a larger number of photons below 400 eV, and a smaller number of photons above 800 eV, against which the QPE amplitude can be measured. Above 1 keV the S/N drops in 2000, while in 2019 there is good S/N until E ∼ 1.3 keV, and at these energies the QPE amplitude is the largest for all the three 2019 QPEs. This suggest that a hard power law component might also be contributing to the QPEs, either originating into a hot or into a warm corona.
There is also a hint of anti-correlation between the intensity and the duration of the 2019 QPEs. In particular, QPE2 has the lowest amplitude and the longest duration, while the opposite is true for QPE3, at all the energies probed. Further longer observations will allow to detect more QPEs and to perform the analysis on a higher S/N dataset, thus possibly allowing to assess whether the differences in properties between QPEs are significant and whether there exists a correlation between the QPE amplitude and duration. Such future observations will also allow to clarify what is the pattern of variability of the QPEs of RX J1301.9+2747, and properly compare it with the one of the QPEs in GSN 069.
Conclusions
During a 48 ks XMM-Newton observation performed in May 2019, three strong and rapid X-ray QPEs have been detected in the nucleus of the galaxy RX J1301.9+2747. These QPEs seem to be long-lived: in fact, about 1.5 QPEs with similar properties to those of 2019 were detected in a 2000 archival XMM-Newton observation of RX J1301.9+2747 (Sun et al. 2013) , and also observations performed by ROSAT in 1994 (Dewangan et al. 2000) and by Chandra in 2009 (Shu et al. 2017) revealed interesting X-ray variability properties, with sudden increases or decreases in X-ray count rate above a stable low-flux level.
The general properties of the X-ray QPEs observed in RX J1301.9+2747 are similar to those of the QPEs observed in the discovery source GSN 069 (Miniutti et al. 2019) : their merged spectrum looks like a thermal component (with a temperature of about 100-300 eV, depending on spectral modelling), with a 0.2−2 keV intrinsic luminosity of the order of 10 42 erg s −1 , about one order of magnitude higher than the luminosity of the quiescent level. There are also clear differences between the QPEs observed in RX J1301.9+2747 and GSN 069. Not only the QPEs in RX J1301.9+2747 are shorter than those in GSN 069, but their time separation looks generally also shorter. The QPEs observed in GSN 069 during the 2018-2019 campaigns follow a clear long-short-long-short pattern in terms of recurring times; this could be the case also for RX J1301.9+2747, and this possibility can be checked with longer X-ray observations.
The quiescent spectrum of RX J1301.9+2747 is well described by a thermal disk with a temperature of 50 eV and a 0.2 − 2 keV luminosity of about 10 41 erg s −1 , constant between the 18.5 years between the two XMM-Newton observations; plus a weak hard X-ray power law, whose 0.2 − 2 keV luminosity more than tripled between 2000 and 2019, when it is still however < 5 × 10 40 erg s −1 . Also the spectrum of the QPE changed between 2000 and 2019, having become harder: this might mean that in the time elapsed between the two observations the temperature of the QPE has increased, and/or that in 2019 the power law emission is also contributing to the QPE, contrary to 2000.
While in GSN 069 the QPEs are detected during the overall ∼ 10 years-long (so far) decay following an outburst first detected in 2010, the QPEs of RX J1301.9+2747 are detected during two observations ∼ 18.5 years apart and at a similar flux/luminosity level. Very long-lived tidal disruption events may perhaps explain the long-term evolution of both sources (e.g., MacLeod et al. 2012; Lin et al. 2017) , but the lack of overall decay in RX J1301.9+2747 could instead argue against this possibility. From a phenomenological point of view, the QPE spectral evolution can be described as a transient and fast transition from a disk-dominated to a soft-excess-dominated state and, if so, QPEs may provide crucial clues on the origin of this X-ray spectral component which is almost ubiquitous in unobscured, radiatively efficient AGN. The question whether QPEs are directly associated with accretion flow variability and/or instabilities or due instead to extrinsic phenomena (such as interactions with a secondary orbiting body) remains to be studied. Future X-ray observations of both sources will enable us to constrain possible theoretical models taking advantage of the different properties and timescales in the two sources, which need to be consistent with a similar theoretical framework.
The detection of X-ray QPEs in RX J1301.9+2747 doubles the number of galactic nuclei where this new phenomenon has been observed, after their discovery in GSN 069. This rules out contamination by a Galactic source in both cases, assessing QPEs as a novel extragalactic phenomenon associated to supermassive accreting black holes.
